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(57) ABSTRACT

An image capturing apparatus comprises: an image sensor
including a plurality of pixels each having a microlens and a
plurality of photoelectric conversion means, and defective
pixel detection means for detecting defective photoelectric
conversion means from among the plurality of photoelectric
conversion means, wherein the defective pixel detection
means determines defective photoelectric conversion means
by comparing an output signal output from photoelectric
conversion means of a subject, sequentially taken from the
plurality of photoelectric conversion means, for detection
with first signals from photoelectric conversion means
included in pixels neighboring the pixel including the photo-
electric conversion means of the subject for detection, each
position of the photoelectric conversion means included in
the neighboring pixels corresponding to a position of the
photoelectric conversion means of the subject for detection
with respect to the microlens.

15 Claims, 17 Drawing Sheets
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IMAGE CAPTURING APPARATUS AND
DEFECTIVE PIXEL DETECTION METHOD

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application is a national stage application of Interna-
tional Application No. PCT/JP2012/058037, filed Mar. 21,
2012, whose benefit is claimed and which claims the benefit
of Japanese Patent Applications Nos. 2011-066553, filed
Mar. 24,2011 and 2012-012436, filed Jan. 24, 2012, the entire
disclosures of which are incorporated herein by reference.

TECHNICAL FIELD

The present invention relates to an image capturing appa-
ratus for capturing still images or moving images and a
method for detecting a defective pixel, and in particular to a
technique for detecting a defective pixel in the case where a
photoelectric conversion unit in an image sensor, which is a
constituent element of an image capturing apparatus, has a
divided structure.

BACKGROUND ART

Conventionally, there are a number of image capturing
apparatuses such as an electronic camera for recording and
reproducing still images or moving images captured by a
solid-state image sensor such as a CCD or CMOS image
Sensor.

As an example of techniques related to solid-state image
sensors mounted on those image capturing apparatuses, Japa-
nese Patent Laid-Open No. 2003-244712 and other publica-
tions propose a technique in which the photoelectric conver-
sion units in all or some of the pixels constituting a solid-state
image sensor are divided into several units (divided pixel).
Applications of this kind of image sensors may include per-
forming pupil division-type focus detection or generating
stereoscopic images based on output signals independently
obtained from the divided photoelectric conversion units. It is
also possible to add the output signals from the divided pho-
toelectric conversion units in each pixel and use the added
signal as a normal image signal.

Incidentally, many recent electronic cameras are equipped
with an image sensor having millions to tens of millions of
pixels, while it is very difficult to manufacture an image
sensor in which every pixel properly converts the incident
light amount into electric signals. In practice, several “defec-
tive pixels” that do not work normally may exist among the
pixels in the image sensor.

Therefore, in conventional image capturing apparatuses,
corrections such as interpolation for a finally generated image
are performed on an image signal corresponding to the posi-
tion of such a defective pixel, using image signals from neigh-
boring pixels of the defective pixel.

There are several methods for detecting a defective pixel to
be a subject for correction. For example, in a manufacturing
process of an image capturing apparatus or an image sensor,
an address of a defective pixel detected based on a captured
image may be recorded and stored in a memory in an image
capturing apparatus.

Another detection method, which is proposed in Japanese
Patent Laid-Open No. S61-261974 for example, is a real-time
defective pixel detection method in which during each image
capture by the image capturing apparatus it is determined
whether or not a pixel that is the subject for detection is a
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defective pixel based on a level difference between an image
signal from that pixel and an image signal from the neighbor-
ing pixels.

However, the above-mentioned defective pixel detection in
a solid-state image capturing apparatus using an image sensor
with divided pixels has the following problem; it is difficult to
always accurately determine whether or not a pixel that is the
subject for detection is a defective pixel or a normal pixel that
outputs correct object information. Therefore, if a normal
pixel is determined to be a defective pixel by error, there is
also a risk of erroneous correction, resulting in the situation
where an image signal based on actual incident light from an
object is unnecessarily corrected. More specifically, output
values obtained from a plurality of photoelectric conversion
units in the above-described divided pixel are different from
one another in a state where the object is not focused in the
vicinity of the divided pixel. Accordingly, depending on the
state of a photographing lens, a defective pixel may not be
accurately detected with the defective pixel detection method
in which whether or not a pixel that is the subject for detection
is a defective pixel is determined by comparison with an
output value from the neighboring pixels.

SUMMARY OF INVENTION

The present invention has been made in consideration of
the above situation, and provides an image capturing appara-
tus using an image sensor having divided pixels and a detec-
tion method capable of improving the accuracy of defective
pixel detection.

According to the present invention, provided is an image
capturing apparatus comprising: an image sensor including a
plurality of pixels each having a microlens and a plurality of
photoelectric conversion units that share the microlens; and a
defective pixel detection unit configured to detect photoelec-
tric conversion units from among the plurality of photoelec-
tric conversion units, the plurality of photoelectric conversion
units being able to independently output image signals,
wherein the defective pixel detection unit determines defec-
tive photoelectric conversion units using a first defective pixel
detection method in which each of the plurality of photoelec-
tric conversion units is sequentially taken as a subject for
detection, and whether or not the photoelectric conversion
unit of the subject for detection has a defect is determined,
wherein in the first defective pixel detection method, the
defective compares an output signal that is output from the
photoelectric conversion unit of the subject for detection with
first signals, and wherein the first signals are output from
photoelectric conversion units included in pixels neighboring
the pixel including the photoelectric conversion unit of the
subject for detection, each position of each of the photoelec-
tric conversion units included in the neighboring pixels cor-
responding to a position of the photoelectric conversion unit
of the subject for detection with respect to the microlens.

According to the present invention, provided is a method
for detecting a defective pixel in an image capturing appara-
tus including: an image sensor including a plurality of pixels
each having a microlens and a plurality of photoelectric con-
version units that share the microlens, the plurality of photo-
electric conversion units being able to independently output
image signals; and a defective pixel detection unit configured
to photoelectric conversion units from among the plurality of
photoelectric conversion units, the method comprising a step
of sequentially taking each of the plurality of photoelectric
conversion units as a subject for detection, and determining
whether or not the photoelectric conversion unit of the subject
for detection has a defect by comparing an output signal
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output from the photoelectric conversion unit of the subject
for detection with first signals, wherein the first signals are
output from photoelectric conversion units included in neigh-
boring pixels of the pixel having the photoelectric conversion
unit of the subject for detection, each position of each of the
photoelectric conversion units included in the neighboring
pixels corresponding to a position of the photoelectric con-
version unit of the subject for detection with respect to the
microlens.

Further features of the present invention will become
apparent from the following description of exemplary
embodiments (with reference to the attached drawings).

BRIEF DESCRIPTION OF DRAWINGS

The accompanying drawings, which are incorporated in
and constitute a part of the specification, illustrate embodi-
ments of the invention, and together with the description,
serve to explain the principles of the invention.

FIG. 11is a block diagram showing an outline configuration
of'an image capturing apparatus according to a first embodi-
ment of the present invention;

FIG. 2 is a diagram depicting a pixel array in an image
sensor according to the first embodiment;

FIG. 3 is a diagram showing an outline cross section and a
circuit configuration of a single pixel according to the first
embodiment;

FIG. 4 is a circuit diagram depicting the configuration of
the image sensor according to the first embodiment;

FIG. 5 is atiming chart showing a first drive timing accord-
ing to the first embodiment;

FIG. 6 is a diagram for explaining a first defective pixel
detection method according to the first embodiment;

FIG. 7 is a diagram for explaining a second defective pixel
detection method according to the first embodiment;

FIG. 81s aflowchart showing a procedure of defective pixel
correction according to the first embodiment;

FIG. 9 is a block diagram showing an outline configuration
of an image capturing apparatus according to a second
embodiment of the present invention;

FIG. 10 is a diagram depicting a pixel array in an image
sensor according to the second embodiment;

FIG. 11 is a circuit diagram depicting the configuration of
the image sensor according to the second embodiment;

FIG. 12 is a timing chart showing a first drive timing
according to the second embodiment;

FIG. 13 is a timing chart showing a second drive timing
according to the second embodiment;

FIG. 14 is a diagram for explaining a first defective pixel
detection method according to the second embodiment;

FIG. 15 is adiagram for explaining a second defective pixel
detection method according to the second embodiment;

FIG. 16 is a diagram for explaining a third defective pixel
detection method according to the second embodiment; and

FIG. 17 is a flowchart showing a procedure of defective
pixel correction according to the second embodiment.

DESCRIPTION OF EMBODIMENTS

Exemplary embodiments of the present invention will be
described in detail in accordance with the accompanying
drawings. The dimensions, shapes and relative positions of
the constituent parts shown in the embodiments should be
changed as convenient depending on various conditions and
on the structure of the apparatus adapted to the invention, and
the invention is not limited to the embodiments described
herein.
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First Embodiment

Firstly, a first embodiment of the present invention is
described.

FIG. 11is a block diagram showing an outline configuration
of an image capturing apparatus according to the first
embodiment.

Referring to FIG. 1, reference numeral 101 denotes an
optical system including a photographing lens and a dia-
phragm, reference numeral 102 denotes a mechanical shutter,
reference numeral 103 denotes an image sensor for convert-
ing incident light into an electric signal, the image sensor 103
including a photoelectric conversion unit for converting inci-
dent light into an electric signal and a signal amplifier circuit
for amplitying the electric signal.

Reference numeral 106 denotes an analog signal process-
ing circuit for performing analog signal processing on an
image signal that is output from the image sensor 103. The
analog signal processing circuit 106 includes a CDS circuit
107 for performing correlated double sampling, a signal
amplifier 108 for amplifying an analog signal, a clamp circuit
109 for performing horizontal OB clamping, and an A/D
converter 110 for converting an analog signal into a digital
signal.

Reference numeral 111 denotes a timing signal generating
circuit for generating a signal for actuating the image sensor
103 and the analog signal processing circuit 106, and refer-
ence numeral 112 denotes a driving circuit for the optical
system 101 and the mechanical shutter 102. Reference
numeral 128 denotes a second digital signal processing cir-
cuit for generating an image capturing signal and a distance
measuring signal from an image signal converted into a digi-
tal signal by the A/D converter 110 and performing necessary
digital signal processing, the second digital signal processing
circuit 128 including a signal generating circuit 129, a cor-
rection circuit 130, and a correlation arithmetic circuit 131.
The signal generating circuit 129 generates the image captur-
ing signal and the distance measuring signal from a digital
image signal. The correction circuit 130 performs various
corrections on the distance measuring signal generated by the
signal generating circuit 129, and the correlation arithmetic
circuit 131 generates distance measuring data used in calcu-
lation of a distance to an object by performing correlation
arithmetic operation on the distance measuring signal.

Reference numeral 113 denotes a digital signal processing
circuit for performing digital signal processing necessary for
the image capturing signal (image data) and the distance
measuring data output from the second digital signal process-
ing circuit 128. The digital signal processing circuit 113
includes an image correction circuit 114 for performing nec-
essary corrections on the image data, a signal amplifier circuit
115 for amplifying a digital signal corrected by the image
correction circuit 114, and an image processing circuit 116
for performing necessary image processing on the image
data. The processing performed by the image correction cir-
cuit 114 and the image processing circuit 116 will be
described later.

Reference numeral 117 denotes an image memory for stor-
ing processed image data, reference numeral 118 denotes a
recording medium detachable from the image capturing
apparatus, and reference numeral 119 denotes a recording
circuit for recording the signal-processed image data on the
recording medium 118. Reference numeral 120 denotes an
image display device for displaying the signal-processed
image data that has been subjected to the signal processing,
and reference numeral 121 denotes a display circuit for dis-
playing an image on the image display device 120.
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Reference numeral 122 denotes a system control unit for
controlling the entire image capturing apparatus. Reference
numeral 123 denotes a nonvolatile memory (ROM) for stor-
ing a program in which a control method implemented by the
system control unit 122 is written, control data such as param-
eters or tables used when implementing the program, and
correction data of a defective pixel address or the like. Ref-
erence numeral 124 denotes a volatile memory (RAM) for
transferring and storing the program, control data, and cor-
rection data stored in the nonvolatile memory 123, which are
used by the system control unit 122 when controlling the
image capturing apparatus.

Reference numeral 125 denotes a temperature detection
circuit for detecting a temperature of the image sensor 103
and its peripheral circuits. Reference numeral 126 denotes a
charge accumulation time setting circuit for setting a charge
accumulation time of the image sensor 103, and reference
numeral 127 denotes an image capturing mode setting circuit
for setting imaging conditions such as an ISO sensitivity and
switching between image capturing modes including still
image capturing and moving image capturing.

The image capturing operation of the image capturing
apparatus with the above configuration is hereinafter
described. Prior to the image capturing operation such as
when the system control unit 122 starts to operate at the time
when, for example, the image capturing apparatus is turned
on, the necessary program, control data, and correction data
are transferred from the nonvolatile memory 123 to the vola-
tile memory 124 and stored. Those program and data are used
by the system control unit 122 when controlling the image
capturing apparatus. If necessary, additional programs and
data are transferred from the nonvolatile memory 123 to the
volatile memory 124, or the system control unit 122 directly
reads out and uses the data in the nonvolatile memory 123.

First, the optical system 101 activates, in response to a
control signal from the system control unit 122, the dia-
phragm and the photographing lens to focus on the image
sensor 103 an object image controlled to have an appropriate
brightness. Next, in still image capturing, the mechanical
shutter 102 is driven by a control signal from the system
control unit 122 to shield the image sensor 103 from light in
accordance with the operation of the image sensor 103, so that
a necessary exposure time is given. At this time, if the image
sensor 103 has an electronic shutter function, this function
may be used together with the mechanical shutter 102 to
secure the necessary exposure time. In moving image captur-
ing, the mechanical shutter 102 is kept open in response to a
control signal from the system control unit 122 such that the
image sensor 103 is always exposed during the image captur-
ing.

The image sensor 103 is driven by a drive pulse based on an
operation pulse generated by the timing signal generating
circuit 111 controlled by the system control unit 122. The
photoelectric conversion unit converts an object image into an
electric signal by photoelectric conversion, and the signal
amplifier circuit amplifies the electric signal with an ampli-
fication factor set according to a quantity of the incident light
and outputs it as an analog image signal.

Clock synchronization noise in the analog image signal
output from the image sensor 103 is eliminated by the CDS
circuit 107 in the analog signal processing circuit 106 with an
operation pulse generated by the timing signal generating
circuit 111 controlled by the system control unit 122. The
analog image signal is then amplified by the signal amplifier
108 with an amplification factor set according to a quantity of
incident light, clamped at a signal output from a horizontal
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6

OB area as a reference voltage by the clamp circuit 109 and
converted into a digital image signal by the A/D converter
110.

Next, the digital image signal output from the analog signal
processing circuit 106 is processed by the second digital
signal processing circuit 128 controlled by the system control
unit 122. First, the signal generating circuit 129 generates an
image capturing signal and a distance measuring signal based
on the digital image signal. The image capturing signal gen-
erated by the signal generating circuit 129 is output without
being subjected to any process. Meanwhile, the distance mea-
suring signal generated by the signal generating circuit 129 is
subjected to various corrections such as flaw detection and
flaw correction according to the present invention, as well as
a smoothing process by the correction circuit 130, and then
the correlation arithmetic circuit 131 generates distance mea-
suring data by performing correlation arithmetic processing
and outputs this distance measuring data.

Next, the image capturing signal output from the second
digital signal processing circuit 128 is processed by the digi-
tal signal processing circuit 113 controlled by the system
control unit 122. First, the image correction circuit 114 per-
forms on the image capturing signal the flaw detection and
flaw correction according to the present invention and various
image corrections such as dark shading correction, and the
signal amplifier circuit 115 amplifies the image capturing
signal with an amplification factor set according to a quantity
of incident light. Then the image processing circuit 116 per-
forms various kinds of image processing such as color con-
version, white balancing, gamma correction, resolution con-
version, and image compression. At this time, the image
memory 117 is used for temporarily storing a digital image
signal in the process of image processing or storing image
data that is a signal-processed digital image signal.

The image data that has been signal-processed by the digi-
tal signal processing circuit 113 and the image data stored in
the image memory 117 are converted by the recording circuit
119 into data suitable for the recording medium 118 (for
example, file system data with a hierarchical structure), and
then recorded on the recording medium 118. Alternatively,
the image data that has been subjected to resolution conver-
sion by the digital signal processing circuit 113 is converted
by the display circuit 121 into a signal suitable for the image
display device 120 (for example, an NTSC analog signal) and
then displayed on the image display device 120.

Here, the digital signal processing circuit 113 may output a
digital image signal as image data to the image memory 117
and the recording circuit 119 without performing signal pro-
cessing in response to a control signal from the system control
unit 122. The digital signal processing circuit 113, when
requested by the system control unit 122, also outputs to the
system control unit 122 information on a digital image signal
or image data generated in the process of signal processing.
Examples of the information on image data include informa-
tion such as a spatial frequency of an image, an average value
in a specified area, and a data quantity of a compressed image,
or information extracted therefrom. The recording circuit
119, when requested by the system control unit 122, also
outputs information such as a type or available space of the
recording medium 118 to the system control unit 122.

Next, a reproduction operation in the case where image
data is recorded on the recording medium 118 is described. In
response to a control signal from the system control unit 122,
the recording circuit 119 reads out the image data from the
recording medium 118. Similarly, in response to a control
signal from the system control unit 122, the digital signal
processing circuit 113 performs image expansion if the read
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image data is a compressed image and stores the image data in
the image memory 117. The image data stored in the image
memory 117 is subjected to resolution conversion by the
digital signal processing circuit 113, converted by the display
circuit 121 into a signal suitable for the image display device
120, and displayed on the image display device 120.

The distance measuring data output from the second digital
signal processing circuit 128 is sent via the digital signal
processing circuit 113 to the system control unit 122. The
system control unit 122 calculates a distance to the object
based on the distance measuring data, and based on the cal-
culation result controls the driving circuit 112 to drive the
optical system 101.

FIG. 2 is an arrangement plan depicting a pixel array in the
image sensor 103 according to the first embodiment.

Referring to FIG. 2, each of the areas numbered as (0,0),
(1,0), (0,1) , and so on represents a single pixel in the image
sensor 103, and each of these pixels is provided with a micro-
lens. In each pixel, each area indicated by a reference mark
“a” or “b” represents a photoelectric conversion unit, and the
photoelectric conversion units in a single pixel share the
microlens provided to the pixel. According to the first
embodiment, an output obtained by adding the output signals
from the photoelectric conversion units a and b included in
each pixel in image sensor 103 is hereinafter referred to as
“pixel output”. Also, according to the first embodiment, each
of the outputs from photoelectric conversion units a and b is
referred to as “divided output”. Ifthe divided output is used as
a focus detecting signal or a stereoscopic image generating
signal or the like, the two signals of the divided outputs from
both photoelectric conversion units a and b are used.

In the first embodiment as described with reference to FIG.
2, each pixel has two photoelectric conversion units in a 2x1
arrangement, and it is shown that the photoelectric conversion
units with the same reference mark “a” or “b” in different
pixels are located at the same positions with respect to the
microlens in the respective pixels. The letter “R,” “G,” or “B”
written on each pixel represents a hue ofa color filter provided
to the pixel.

FIG. 3 is a diagram showing an outline cross section and a
circuit configuration of a single pixel according to the first
embodiment of the present invention. Referring to FIG. 3,
reference numeral 411 denotes a p-type well, and reference
numeral 412 denotes a gate insulating film formed with an
SiO, film. Reference numerals 414a and 4145 denote p+
layers formed on a surface of the p-type well 411, and
together with n layers 413a and 4136 form photoelectric
conversion areas 415a and 4155. Reference numerals 403a
and 4035 denote transfer switches for transferring a signal
charge generated in the photoelectric conversion areas 415a
and 4154 to a floating diffusion (FD) unit 407. Reference
numeral 441 denotes a color filter, and reference numeral 442
denotes a microlens (on-chip lens). The microlens 442 is
shaped and arranged such that a pupil of the photographing
lens included in the optical system 101 and the photodiodes
402q and 4025 in the image sensor 103 are approximately
conjugate.

FIG. 4 is a circuit diagram depicting a CMOS image sensor
as an example of a pixel unit in the image sensor 103 accord-
ing to the first embodiment. As shown in FIG. 4, each pixel
has two photoelectric conversion units 401a¢ and 40156 and a
single pixel common unit 408.

The photoelectric conversion unit 401 includes a photo-
diode 402a that is a photoelectric conversion element, and a
transfer switch 403a for transferring, with a pulse PTXa, an
electric charge generated due to photoelectric conversion by
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the photodiode 402a. The photoelectric conversion unit 4015
has the same configuration as the photoelectric conversion
unit 401a.

The pixel common unit 408 includes an FD unit 407 for
storing electric charges transferred by the transfer switches
403a and 4035 in the photoelectric conversion units 401a and
4015 respectively. In other words, a single FD unit 407 is
connected to the two photoelectric conversion units 401a and
4015. The pixel common unit 408 also includes a reset switch
404 for resetting, with a reset pulse PRES, the FD unit 407
connected to a gate of a MOS transistor 406 to a potential
SVDD. The pixel common unit 408 also includes a MOS
transistor 406 for amplifying an electric charge stored in the
FD unit 407 as a source follower, and a row selection switch
405 controlled with a selection pulse PSEL for selecting a row
to be read by a vertical scanning circuit not shown in the
figure.

In the configuration of the pixel unit in the image sensor
103 described above with reference to FIG. 4, any of the
electric charges photoelectrically converted by the photo-
diodes 402a and 4025 is transferred to the FD unit 407 by
controlling the transfer switches 403a and 4035.

The electric charges in the pixels in the row selected by the
row selection switch 405 are output to a vertical output line
422 by a source follower circuit formed with the row selection
switch 405 and a load current source 421. The signal output
pulse PTS1a turns on a transfer gate 425 to store a signal
output to the vertical output line 422 in a transfer capacitance
CTS1a 427. A signal output pulse PTS1ab turns on a transfer
gate 433 and stores a signal output to the vertical output line
422 in a transfer capacitance CTS1ab 434. A noise output
pulse PTN1 turns on the transfer gate 424 and stores a signal
output to the vertical output line 422 in a transfer capacitance
CTN1 426.

A signal transfer pulse PTS2a turns on a transfer gate 436
and stores the signal stored in the transfer capacitance CTS1a
427 in a transfer capacitance CTS2 439. A signal transfer
pulse PTS2ab turns on a transfer gate 437 and also stores the
signal stored in the transfer capacitance CTS1ab 434 in the
transfer capacitance CTS2 439. A noise transfer pulse PNT2
turns on a transfer gate 435 and stores the signal stored in the
transfer capacitance CTN1 426 in transfer capacitance CTN2
438.

Subsequently, in response to control signals PHS and PHN
from a horizontal scanning circuit (not shown), a noise com-
ponent is stored in a capacitance CHN 430 and a signal
component is stored in a capacitance CHS 431 via transfer
gates 428 and 429 respectively, and a difference between
those components is output as a pixel signal by a differential
amplifier 432.

In FIG. 4, the transfer gates 424, 425, 433, 435, 436, and
437 downstream of the vertical output line 422 are provided to
each column. The section downstream of the transfer gates
428 and 429 is shared by plural columns, and the number of
those sections is the same as the number of output terminals in
the image sensor 103.

FIG. 5 is a timing chart showing a drive timing (reading
process) according to the first embodiment. The drive timing
described with reference to FIG. 5 is a drive timing for
sequentially reading a divided output signal a from the pho-
toelectric conversion unit a and a pixel output signal ab
obtained by adding the divided output signal a from the pho-
toelectric conversion unit a and a divided output signal b from
the photoelectric conversion unit b described with reference
to FIG. 2. The drive timing is hereinafter described with
reference to FIGS. 4 and 5.
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First, a divided output signal from the photoelectric con-
version unit 401a is read during periods HBL.K1a, HBLK2a,
and HSRa. As a trailing edge of a signal HD indicates the
beginning of a single horizontal scanning period, the vertical
output line 422 is reset to a fixed potential by a circuit (not
shown). After that, by setting a PRES signal to a low (L) level
and turning on the reset switch 404, during a period T1a the
electric charge stored in the FD unit 407, which is applied to
the gate of the MOS transistor 406, is reset to a fixed potential
SVDD.

Subsequently, after setting the PRES signal to a high (H)
level and turning off the MOS transistor 406, the source
follower circuit formed with the row selection switch 405 and
the load current source 421 becomes operative by setting the
PSEL signal to the H level. Then a noise corresponding to the
potential of the reset FD unit 407 is output via the MOS
transistor 406 to the vertical output line 422. By setting the
PTN signal to the H level during the period where this PSEL
signal is at the H level, the transtfer capacitance CTN1 426 that
stores the noise component is connected to the vertical output
line 422, and the transfer capacitance CTN1 426 is caused to
hold a noise component signal.

Subsequently, a mixed signal of a photocharge generated in
the photoelectric conversion element and a noise component
is stored. First, the vertical output line 422 is reset to a fixed
potential by a circuit (not shown). Then the PTXa signal is set
to the H level, and a photocharge stored in the photodiode
402a is transferred to the FD unit 407 during a period T3a by
turning on the transfer switch 403a. At this time, the PSEL
signal is kept at the H level, so the source follower circuit is
operative, and a “photo-signal+noise signal” corresponding
to the potential of the FD unit 407 is output via the MOS
transistor 406 to the vertical output line 422. By setting the
PTS1a signal to the H level during a period T4a that includes
the period T3a, the transfer capacitance CTS1a 427 that
stores the “photocharge component+noise component” is
connected to the vertical output line 422. Then the transfer
capacitance CTS1a 427 is caused to hold the photocharge
component+noise component signal.

As described above, a noise component and the photo-
signal+noise component generated in the photodiode 4024
for a single line are stored in the transfer capacitances CTN1
426 and CTS1a 427 respectively.

Next, during a period HBLK2a, the two signals stored in
the transfer capacitances CTN1 426 and CTS1a 427 are trans-
ferred to capacitances CTN2 438 and CTS2 439 by control
pulses PTN2 and PTS2a controlled by a horizontal shift reg-
ister (not shown).

Next, during the period HSRa the two signals stored in the
transfer capacitances CTN2 438 and CTS2 439 are trans-
ferred to the capacitances CHN 430 and CHS 431 with con-
trol pulses PHN and PHS controlled by a horizontal shift
register (not shown) respectively. Then the noise signal and
the photo-signal+noise component stored in the capacitances
CHN 430 and CHS 431 are subjected to a process of subtract-
ing the noise component from the (photo-signal+noise com-
ponent) by the differential amplifier 432, thus a photo-signal
is obtained and output as a divided output signal a.

During the period HBLK1ab, which corresponds to the
combination of the periods HBL.LK2a and HSRa, control sig-
nals PTXa, PTXb, PRES, and PSEL are controlled and a pixel
output signal ab obtained by adding the signals from the
photoelectric conversion units 401a and 4015 is read out.

First, the mixed signal of the photocharge and the noise
component generated in the photoelectric conversion element
is accumulated. The vertical output line 422 is reset to a fixed
potential by a circuit (not shown). Then the PTXa signal and
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the PTXb signal are set to the H level, the photocharges
accumulated in the photodiodes 402a and 4025 are trans-
ferred to the FD unit 407 by turning on the transfer switches
403a and 4035 during a period T3ab. At this time, the PSEL
signal is kept at the H level, so the source follower circuit is
operative, and the “photo-signal+noise signal” corresponding
to the potential of the FD unit 407 is output via the MOS
transistor 406 to the vertical output line 422. By setting the
PTS1ab signal to the H level during a period T4ab that
includes the period T3ab, a transfer capacitance CTS1ab 434
that stores the “photocharge component+noise component™ is
connected to the vertical output line 422, and then the transfer
capacitance CTS1ab 434 is caused to hold a photocharge
component+noise component signal.

As described above, the photo-signal+noise component
generated in the photodiodes 402a and 4025 is stored in the
transfer capacitance CTS1ab 434.

Next, during a period HBLK 2ab, the two signals stored in
the transfer capacitances CTN1 426 and CTS1ab 434 are
transferred to the capacitances CTN2 438 and CTS2 439 with
control pulses PTN2 and PTS2ab controlled by a horizontal
shift register (not shown) respectively.

Next, during a period HSRa, the two signals stored in the
transfer capacitances CTN2 438 and CTS2 439 are trans-
ferred to the capacitances CHN 430 and CHS 431 with con-
trol pulses PHN and PHS controlled by a horizontal shift
register (not shown). The noise component and the photo-
signal+noise component stored in the capacitances CHN 430
and CHS 431 is subjected to a process of subtracting the noise
component from the (photo-signal+noise component) by the
differential amplifier 432, thus a photo-signal is obtained and
output as a pixel output signal ab.

With the above procedure, regarding the two photoelectric
conversion units in a 2x1 arrangement, reading of the divided
output signal from the photoelectric conversion unit 401a and
the pixel output signal obtained by adding the divided output
signal from the photoelectric conversion units 401a and the
divided output signal from the photoelectric conversion unit
4015 is finished.

FIG. 6 is a diagram for explaining a first defective pixel
detection method according to the first embodiment. The first
defective pixel detection method is a method for detecting a
defective pixel by comparing divided output values from
photoelectric conversion units at the same location in a plu-
rality of pixels of a single color.

Here, it is assumed for this description that the photoelec-
tric conversion unit a in the pixel (2,3) shown in FIG. 2 is a
subject for the defective pixel detection process. In this case,
adivided output value of the photoelectric conversionunit ain
the pixel (2,3) is compared with each of divided output values
as first signals of photoelectric conversion units a in the pixels
0,1), (2,1), (4,1), (0,3) and (4,3), which are photoelectric
conversion units on the same side in the neighboring pixels of
the same color. As an example, an average value of the divided
output values of the photoelectric conversion units a in the
above-mentioned five neighboring pixels is compared with
the divided output value of the photoelectric conversion unit
ain the pixel (2,3) , but the comparison method is not limited
thereto and various other methods are conceivable. For
instance, a divided output value of the photoelectric conver-
sion unit a in the pixel (2,3) may be quintupled and compared
to the sum of the divided output values of the photoelectric
conversion units a in the five neighboring pixels. Alterna-
tively, other methods, such as one in which a difference
between the divided output value of the photoelectric conver-
sion unit a in the pixel (2,3) and each of the divided output
values of photoelectric conversion units a in the five neigh-
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boring pixels is obtained and thus obtained differences are
added and/or averaged, may also be available.

If that difference is equal to or smaller than a predeter-
mined first flaw detection threshold c., it is determined that the
photoelectric conversion unit a in the pixel (2,3) to be the
subject for detection is not a defective pixel. If the difference
is larger than the first flaw detection threshold a, the photo-
electric conversion unit a in the pixel (2,3) is determined to be
a defective pixel and detected as a flawed pixel.

The photoelectric conversion units included in the image
sensor 103 are subjected to detection in sequence and the
above-described detection process is repeatedly performed
on all photoelectric conversion units. However, the detection
process does not have to be performed on photoelectric con-
version units that are known in advance to have a defect.

The first defective pixel detection method is a detection
method using a comparison between photoelectric conver-
sion units at the same location with respect to the microlens,
so detection can be done almost without any influence of a
defocus amount for an object near the pixel of the subject for
detection.

FIG. 7 is a diagram for explaining a second defective pixel
detection method according to the first embodiment. The
second defective pixel detection method is a method of
detecting a defective pixel by comparing pixel output values
in neighboring pixels.

In FIG. 7, it is assumed for this description that the pixel
(2,3) shown in FIG. 2 is subjected to the defect detection
process. In other words, in the second defective pixel detec-
tion method, divided signals of the photoelectric conversion
units a and b in each pixel are added within this pixel and
collectively output as a pixel output. For example, if the
photoelectric conversion unit a in the pixel (2,3) is a defective
pixel, the pixel (2,3) including this defect photoelectric con-
version unit a can be detected as a defective pixel. In the
second defective pixel detection method, a pixel output value
of the pixel (2,3) is compared with pixel output values of
pixels (0,1) , (2,1), 4,1), (0.3) , and (4,1) , which are
neighboring pixels of the same color. In this example, an
average value of the above-listed five pixel output values is
compared with the pixel output value of the pixel (2,3) , but
the comparison method is not limited thereto and various
other methods are conceivable, as in the first defective pixel
detection method.

If'the difference is equal to or smaller than a predetermined
second flaw detection threshold p, it is determined that the
pixel (2,3) of the subject for detection is not a defective pixel.
If the difference is larger than the second flow detection
threshold f3, the pixel (2,3) is determined to be a defective
pixel and detected as a flawed pixel.

The pixels included in the image sensor 103 are subjected
to detection in sequence and the above-described detection
process is repeatedly performed on all those pixels. However,
the detection process does not have to be performed on pixels
that are known in advance to have a defect.

FIG. 8 is a flowchart depicting an example of a defective
pixel correction procedure according to the first embodiment.

Referring to FIG. 8, first, a mode such as still image cap-
turing, moving image capturing, or stereoscopic images cap-
turing is set by the image capturing mode setting circuit 127
(step S801), and shooting conditions such as sensitivity, dia-
phragm value, or exposure time are initialized according to
the set mode (step S802). Subsequently the shutter 102 is
controlled to expose the image sensor 103 (step S803).
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Next, information on fixed defective pixels extracted in
advance in the manufacturing process of the image capturing
apparatus is read in from the nonvolatile memory 123 (step
S804).

Next, a defective pixel detection is performed for a distance
measuring signal by the second digital signal processing cir-
cuit 128. First, a distance measuring signal is generated by the
signal generating circuit 129 (step S805). More specifically, a
difference signal between a pixel output signal ab obtained by
adding an output signal from the photoelectric conversion
unit 401a and an output signal from the photoelectric conver-
sion unit 4015 and a divided output signal a from the photo-
electric conversion unit 401a is generated as a divided output
signal b from the photoelectric conversion unit 4015. Thus,
the divided output signal b is generated and used as distance
measuring signals together with the divided output signal a.

Subsequently, the defective pixel detection using the first
defective pixel detection method described with reference to
FIG. 6 is performed by the correction circuit 130 using the
divided output signal a and the above generated divided out-
put signal b (step S806). Then each of the distance measuring
signals as well as the fixed defective pixels are subjected to
corrections (step S807). After that, correlation arithmetic pro-
cessing is performed on the distance measuring signal, that
has undergone various corrections, by the correlation arith-
metic circuit 131 and data of a distance to an object is calcu-
lated (step S808).

Next, a defective pixel detection for a captured picture is
performed by the digital signal processing circuit 113. The
defective pixel detection using the second defective pixel
detection method described with reference to FIG. 7 is per-
formed by the image correction circuit 114 (step S809), and
each of the defective pixels as well as the fixed defective
pixels are subjected to corrections (step S810).

Lastly, an image signal is output to the image memory 117,
the recording circuit 119, or the display circuit 121 (step
S811) and the image capturing is finished.

As described above, according to the first embodiment, the
accuracy of defective pixel detection can be improved in an
image capturing apparatus using an image sensor having a
plurality of photoelectric conversion units.

Second Embodiment

Next, a second embodiment of the present invention is
described.

FIG. 9 is a diagram showing an outline configuration of an
image capturing apparatus according to the second embodi-
ment. The difference between the configurations shown in
FIG. 9 and FIG. 1 is that the configuration in FIG. 9 does not
include a second digital signal processing circuit 128. But the
rest is the same as in FIG. 1, so the same reference numerals
are given and a further description thereof is omitted.

Further, the image capturing operation of the image cap-
turing apparatus in the second embodiment with the above
configuration is the same as in the above-described first
embodiment up until the point where a digital image signal is
output from the analog signal processing circuit 106, so the
process after this point is described.

A digital image signal output from the analog signal pro-
cessing circuit 106 is processed by the digital signal process-
ing circuit 113 controlled by the system control unit 122.
First, the image signal converted into a digital signal is sub-
jected to the flaw detection and flaw correction according to
the present invention as well as various corrections such as
dark shading correction by the image correction circuit 114,
and is amplified by the signal amplifier circuit 115 with an
amplification factor set according to a quantity of incident
light. Further, various kinds of image processing including
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image processing such as color conversion, white balancing,
and gamma correction, resolution conversion, and image
compression are performed by the image processing circuit
116. At this time, the image memory 117 is used to tempo-
rarily store a digital image signal in the process of signal
processing or store image data that is a signal-processed
digital image signal.

The image data signal-processed by the digital signal pro-
cessing circuit 113 and image data stored in the image
memory 117 are converted by the recording circuit 119 into
data suitable for the recording medium 118 (for example, file
system data with a hierarchical structure), and stored in the
recording medium 118. Alternatively, image data resolution-
converted by the digital signal processing circuit 113 is con-
verted by the display circuit 121 into a signal suitable for the
image display device 120 (for example, an NTSC analog
signal) and displayed on the image display device 120.

Here, the digital signal processing circuit 113 may output a
digital image signal as image data to the image memory 117
and the recording circuit 119 without performing signal pro-
cessing according to a control signal from the system control
unit 122. The digital signal processing circuit 113, when
requested by the system control unit 122, also outputs to the
system control unit 122 information on a digital image signal
and image data generated in the process of signal processing
to the system control unit 122. Examples of the information
on image data include a spatial frequency of the image, an
average value in a specified area, and a data amount of a
compressed image, or information extracted therefrom. Fur-
ther, the recording circuit 119, when requested by the system
control unit 122, outputs to the system control unit 122 infor-
mation such as the type or available space of the recording
medium 118 to the system control unit 122.

Next, a reproduction operation in the case where image
data is stored in the recording medium 118 is described. The
recording circuit 119 reads out the image data from the
recording medium 118 in response to a control signal from the
system control unit 122. Also in response to the control signal
from the system controlunit 122, the digital signal processing
circuit 113 performs image expansion process if the read
image data is a compressed image, and stores the image data
in the image memory 117. The image data stored in the image
memory 117, after being subjected to resolution conversion
by the digital signal processing circuit 113, is converted by
the display circuit 121 into a signal suitable for the image
display device 120 and displayed on the image display device
120.

FIG. 10 is an arrangement plan depicting a pixel array in
the image sensor 103 according to the second embodiment.

Referring to FIG. 10, each area numbered as (0,0), (1,0),
(0,1), and so on represents a single pixel in the image sensor
103, and each pixel is provided with a microlens. In each
pixel, each area indicated by reference mark “a,” “b,” “c,” or
“d” represents a photoelectric conversion unit, and the pho-
toelectric conversion units in a single pixel share the micro-
lens provided to the pixel. In the second embodiment, an
output obtained by adding output signals from the photoelec-
tric conversion units a to d included in each pixel in image
sensor 103 is hereinafter referred to as “pixel output.” Further,
in the second embodiment, each of the outputs from photo-
electric conversion units a to d that are not added in the image
sensor 103 is referred to as a divided output. If the divided
output is used as a focus detecting signal or a stereoscopic
image generating signal, for example, the two signals of “a
sum of divided outputs from the photoelectric conversion
units a and ¢ and “a sum of divided outputs from the photo-
electric conversion units b and d” are generated.
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In the second embodiment as described with reference to
FIG. 10, each pixel has four photoelectric conversion units in
a 2x2 arrangement and it is shown that the photoelectric
conversion units with the same reference mark “a,” “b,” “C,”
or “d” in different pixels are located at the same position with
respect to the microlens in the respective pixels. The letter
“R,” “G,” or “B” written on each pixel represents a hue of a
color filter provided to the pixel.

Further, the outline cross section and the circuit configu-
ration of a single pixel according to the second embodiment
are the same as those described in FIG. 3. However, although
two photoelectric conversion areas are shown in FIG. 3, in the
second embodiment two more photoelectric conversion areas
having the same configuration are included as shown in FI1G.
10.

FIG. 11 is a circuit diagram depicting a CMOS image
sensor as an example of a pixel unit in the image sensor 103
according to the second embodiment. As shown in FIG. 11,
each pixel has four photoelectric conversion units 401a to
4014 and a single pixel common unit 408.

The photoelectric conversion unit 401q includes a photo-
diode 402q that is a photoelectric conversion element, and a
transfer switch 403a for transferring, with a pulse PTXa, an
electric charge generated due to photoelectric conversion by
the photodiode 402a. The photoelectric conversion units
4015 to 4014 have the same configuration as the photoelectric
conversion unit 401a.

The pixel common unit 408 includes an FD unit 407 for
storing the electric charge transferred by the transfer switches
403a to 4034 in the photoelectric conversion units 401a to
401d. In other words, a single FD unit 407 is connected to the
four photoelectric conversion units 401a to 401d. The pixel
common unit 408 includes a reset switch 404 for resetting to
apotential SVDD level, with a reset pulse PRES, the FD unit
407 connected to a gate of a MOS transistor 406. The pixel
common unit 408 also includes a MOS transistor 406 for
amplifying the charge stored in the FD unit 407 as a source
follower and a row selection switch 405 controlled with a
selection pulse PSEL for selecting a row to be read out by a
vertical scanning circuit not shown in the figure.

In the configuration of the pixel unit in the image sensor
103 described with reference to FIG. 11, any of the electric
charges photoelectrically converted by the photodiodes 4024
to 4024 are transferred to the FD unit 407 by controlling the
transfer switches 403a to 4034.

The electric charges in the pixels in the row selected by the
row selection switch 405 are output to a vertical output line
422 by a source follower circuit formed with a the selection
switch 405 and a load current source 421. The signal output
pulse PTS turns on a transfer gate 425 and stores the signal
output to the vertical output line 422 in a transfer capacitance
CTS 427, while a noise output pulse PTN turns on a transfer
gate 424 and stores the signal output to the vertical output line
422 in a transfer capacitance CTN 426. Subsequently, in
response to control signals PHS and PHN from a horizontal
scanning circuit (not shown), a noise component is stored in
a capacitance CHN 430 and a signal component is stored in a
capacitance CHS 431 via transfer gates 428 and 429 respec-
tively, and a difference therebetween is output as a pixel
signal by a differential amplifier 432.

In FIG. 11, the transfer gates 424 and 425 downstream of
the vertical output line 422 are provided in each row. The
section downstream of the transfer gates 428 and 429 is
shared by plural columns and, and the number of those sec-
tions is the same as the number of output terminals in the
image sensor 103.
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FIG. 12 is a timing chart showing a first drive timing
according to the second embodiment of the present invention.
The first drive timing described with reference to FIG. 12 is a
drive timing for independently reading out each of the divided
output signals of the photoelectric conversion units a to d
described with reference to FIG. 10. When signals are read
out according to the first drive timing, it is possible to process
divided output signals by the digital signal processing circuit
113 into a focus detecting signal or a stereoscopic image
generating signal. In the driving described in the timing chart
in FIG. 12, the photoelectric conversion units a, b, ¢, and d
(i.e., the photoelectric conversion units 401a, 4015, 401¢, and
401d in FIG. 11) are read out in this order. The first drive
timing is hereinafter described with reference to FIGS. 11 and
12.

First, a signal from the photoelectric conversion unit 401a
is read out during periods HBL.Ka and HSRa. As a trailing
edge of a signal HD indicates the beginning of a single hori-
zontal scanning period, the vertical output line 422 is reset to
a fixed potential by a circuit (not shown). After that, by setting
a PRES signal to a low (L) level and turning on the reset
switch 404, during a period T1a the electric charge stored in
the FD unit 407, which is applied to the gate of the MOS
transistor 406, is reset to a fixed potential SVDD.

Subsequently, after setting the PRES signal to a high (H)
level and turning off the MOS transistor 406, the source
follower circuit formed with the row selection switch 405 and
the load current source 421 becomes operative by setting the
PSEL signal to the H level. Thus a noise corresponding to the
potential in the reset FD unit 407 is output via the MOS
transistor 406 to the vertical output line 422. By setting the
PTN signal to the H level during a period where this PSEL
signal is at the H level, the transfer capacitance CTN 426 that
stores the noise component is connected to the vertical output
line 422, and the transfer capacitance CTN 426 is caused to
hold a noise component signal.

Subsequently, a mixed signal of a photocharge generated in
the photoelectric conversion element and a noise component
is stored. First, the vertical output line 422 is reset to a fixed
potential by a circuit (not shown). Then the PTXa signal is set
to the H level, and a photocharge stored in the photodiode
402a is transferred to the FD unit 407 during a period T3a by
turning on the transfer switch 403a. At this time, the PSEL
signal is kept at the H level, so the source follower circuit is
operative, and a “photo-signal+noise signal” corresponding
to the potential of the FD unit 407 is output via the MOS
transistor 406 to the vertical output line 422. By setting the
PTS signal to the H level during a period T4a that includes the
period T3a, the transtfer capacitance CTS 427 that stores the
“photocharge component+noise component” is connected to
the vertical output line 422, and the transfer capacitance CTS
427 is caused to hold the photocharge component+noise com-
ponent signal.

As described above, a noise component and the photo-
signal+noise component generated in the photodiode 4024
for a single line are stored in the transfer capacitances CTN
426 and CTS 427 respectively.

Next, during a period HSRa, the two signals stored in the
transfer capacitances CTN 426 and CTS 427 are transferred
to capacitances CHN 430 and CHS 431 by control pulses
PHN and PHS controlled by a horizontal shift register (not
shown) respectively. Then the noise component and the
photo-signal+noise component stored in the capacitances
CHN 430 and CHS 431 respectively are subjected to a pro-
cess of subtracting the noise component from the (photo-
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signal+noise component) by the differential amplifier 432,
thus a photo-signal is obtained and output as a divided output
signal.

Subsequently, during periods HBLKb and HSRb, the con-
trol signals PTXb, PRES, and PSEL are controlled to read out
a signal from the photoelectric conversion unit 4015. The
timing of reading out the signal of the photoelectric conver-
sion unit 4015 is the same as the above-described timing of
reading out the signal of the photoelectric conversion unit
401a and so further description thereof is omitted.

During periods HBLKc¢ and HSRc, control signals PTXc,
PRES, and PSEL are similarly controlled to read out a signal
of the photoelectric conversion unit 401¢. During periods
HBLKd and HSRd, control signals PTXd, PRES, and PSEL
are similarly controlled to read out a signal from the photo-
electric conversion unit 4014. With the above procedure,
reading of the divided output signals from the four photoelec-
tric conversion units 401a, 4015, 401c, and 401d in a 2x2
arrangement is finished.

FIG. 13 is a timing chart showing a second drive timing
according to the second embodiment. The second drive tim-
ing described with reference to FIG. 13 is a drive timing for
adding the signals from the photoelectric conversion units a to
d included in each pixel described in FI1G. 10 and collectively
reading out the added signal as a pixel output signal of the
pixel. When signals are read out according to the second drive
timing in the case of normal image capturing such as still
image capturing or moving image capturing where individual
divided output signal are not necessary, signals can be rapidly
read out. The second drive timing is hereinafter described
with reference to FIGS. 11 and 13.

The drive timing in FIG. 13 is the same as the above-
described first drive timing up until the point where the trans-
fer capacitance CTN 426 is caused to hold the noise compo-
nent signal by setting the PTN signal to the H level during a
period where the PSEL signal is at the H level.

Subsequently, a mixed signal of the photocharge and the
noise component generated in the photoelectric conversion
element is stored. First, the vertical output line 422 is reset to
a fixed potential by a circuit (not shown). After that, the
signals PTXa, PTXb, PTXc, and PTXd are simultaneously set
to the H level, and the transfer switches 403a to 403d are
turned on, and the photocharges stored in the photodiodes
402a, 4025, 402¢, and 402d are transferred to FD unit 407
during a period T3. At this time, the source follower circuit is
operative because the PSEL signal is kept at the H level, and
a “photo-signal+noise signal” according to a potential at the
FD unit 407 is output via a MOS transistor 406 to the vertical
output line 422. By setting the PTS signal to the H level
during a period T4 that includes the period T3, the transfer
capacitance CTS 427 that stores the “photocharge compo-
nent+noise component” is connected to the vertical output
line 422, and the transfer capacitance CTS 427 is caused to
hold a photocharge component+noise component signal.

As described above, the noise component for a single line
and the photo-signal+noise component generated in the pho-
todiodes 402a to 402d are stored in the transfer capacitances
CTN 426 and CTS 427 respectively.

Next, during a period HSR, the two signals stored in the
transfer capacitances CTN 426 and CTS 427 are transferred
to the capacitances CHN 430 and CHS 431 respectively with
control pulses PHN and PHX controlled by a horizontal shift
register (not shown). The noise component and the photo-
signal+noise component stored in the capacitances CHN 430
and CHS 431 are subjected to a process of subtracting the
noise component from the (photo-signal+noise component)
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by the differential amplifier 432, and a photo-signal is thus
obtained and output as a pixel output signal.

FIG. 14 is a diagram for explaining a first defective pixel
detection method according to the second embodiment. The
first defective pixel detection method is a method of detecting
a defective pixel by comparing divided output values from the
photoelectric conversion units located at the same position in
different pixels of the same color.

In the following description, it is assumed that the photo-
electric conversion unit ¢ in the pixel (2,3) shown in FIG. 10
is a subject for defective pixel detection process. In this case,
adivided output value of the photoelectric conversion unit ¢ in
pixel (2,3) is compared with each of the divided output values
as first signals in the photoelectric conversion units ¢ at the
same quadrant in the pixels (0,1), (2,1), (4,1), (0,3) and (4,3)
that are neighboring pixels of the same color. Here, as an
example, an average value of the above-mentioned divided
output values of the photoelectric conversion units ¢ in the
five neighboring pixels is compared with the divided output
value of the photoelectric conversion unit ¢ in the pixel (2,3)
, but the comparison method is not limited thereto and various
other methods are conceivable. For example, the divided out-
put value of the photoelectric conversion unit ¢ in the pixel
(2,3) may be quintupled and compared with a sum of the
divided output values of the photoelectric conversion units ¢
in the five neighboring pixels. Alternatively, other methods,
such as one where a difference between the divided output
value of the photoelectric conversion unit ¢ in the pixel (2,3)
and each of the divided output values of the photoelectric
conversion units ¢ in the five neighboring pixels is calculated
and those differences are added and/or averaged, may also be
available.

If'the difference is equal to or smaller than a predetermined
first flaw detection threshold ., it is determined that the
photoelectric conversion unit ¢ in the pixel (2,3) of the subject
for detection is not a defective pixel. If the difference is larger
than the first flaw detection threshold a, the photoelectric
conversion unit ¢ in the pixel (2,3) is determined to be a
defective pixel and detected as a flawed pixel.

The photoelectric conversion units included in the image
sensor 103 become the subject for detection in sequence and
the above-described detection process is repeatedly per-
formed on all those photoelectric conversion units. However,
the detection process does not have to be performed on pho-
toelectric conversion units that are known in advance to have
a defect.

The first defective pixel detection method is a detection
method using the comparison between the photoelectric con-
version units located at the same position with respect to the
microlens, so detection can be done almost without any influ-
ence of a defocus amount for an object near the pixel of the
subject for detection.

FIG. 16 is a diagram for explaining a third defective pixel
detection method according to the second embodiment. The
third defective pixel detection method is a method of detect-
ing a defective pixel by comparing divided output values from
a plurality of the photoelectric conversion units included in a
single pixel.

In FIG. 16 too, it is assumed for this description that the
photoelectric conversion unit ¢ in the pixel (2,3) shown in
FIG. 10 is a subject for defect detection process. In this case,
the divided output value of the photoelectric conversion unit
cinthe pixel (2,3) is compared with the divided output values
of other photoelectric conversion units a, b, and d in the same
pixel (2,3) . Here, as an example, an average value of the
above-mentioned divided output values of the three photo-
electric conversion units a, b, and d is compared with the
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divided output value of the photoelectric conversion unit ¢ in
the pixel (2,3) , but the comparison method is not limited
thereto and various other methods is conceivable as in the
above-described first defective pixel detection method.

Ifthe difference is equal to or smaller than a predetermined
third flaw detection threshold vy, it is determined that the
photoelectric conversion unit ¢ in the pixel (2,3) of the subject
for detection is not a defective pixel. If the difference is larger
than the third flaw detection threshold y, the photoelectric
conversion unit ¢ in the pixel (2,3) is determined to be a
defective pixel and detected as a flaw pixel.

The photoelectric conversion units included in the image
sensor 103 become the subject for detection in sequence and
the above-described detection process is repeatedly per-
formed on all those photoelectric conversion units. However,
the detection process does not have to be performed on pho-
toelectric conversion units that are known in advance to have
a defect.

The third defective pixel detection method is a detection
method based on comparison between the photoelectric con-
version units in a single pixel, so detection can be accurately
performed even if an object around the pixel including the
photoelectric conversion unit of the subject for detection has
a high-frequency component. However, the third defective
pixel detection method has the following problem. Specifi-
cally, if a photographing lens is focused on an object near the
pixel including the photoelectric conversion unit of the sub-
ject for detection, the divided output values of the photoelec-
tric conversion units in this pixel, or under the same micro-
lens, become close to one another. However, as the defocus
amount becomes larger, the divided output values of the pho-
toelectric conversion units under the same microlens vary
depending on a luminance distribution of the object. Accord-
ingly, the defocus amount around the pixel of the subject for
detection is first detected, then the third flaw detection thresh-
old y is set to a predetermined value larger than the first flaw
detection threshold a if the defocus amount is larger than a
specific value. If the defocus amount is equal to or smaller
than this preset value, the third flaw detection threshold y is set
to another predetermined value smaller than the first flaw
detection threshold . The third flaw detection threshold y
may also be set to be smaller as the defocus amount is smaller.

FIG. 15 is a diagram for explaining a second defective pixel
detection method according to the second embodiment. This
second defective pixel detection method is a method of
detecting a defective pixel by comparing pixel output values
of neighboring pixels.

In FIG. 15, it is assumed for this description that the pixel
(2,3) shown in FIG. 10 is a subject for defect detection pro-
cess. Specifically, the second defective pixel detection
method is a detection method where divided signals from the
photoelectric conversion units a, b, ¢, and d in a single pixel
are added and collectively read out as a pixel output. For
example, if the photoelectric conversion unit ¢ in the pixel
(2,3) is a defective pixel, the pixel (2,3) that includes the
photoelectric conversion unit ¢ of a defective pixel can be
detected as a defective pixel. In the second defective pixel
detection method, the pixel output value of the pixel (2,3) is
compared with each of the pixel output values of pixels (0,1)
,(2,1),(4,1),(0,3), and (4,3) that are neighboring pixels of
the same color. In this example an average value of the above-
mentioned pixel output values of the pixels is compared with
the pixel output value of the pixel (2,3), but the comparison
method is not limited thereto and various other methods is
conceivable as in the above-described first defective pixel
detection method.
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If'the difference is equal to or smaller than a predetermined
second flaw detection threshold p, it is determined that the
pixel (2,3) of a subject for detection is not a defective pixel. If
the difference is larger than the second flaw detection thresh-
old f3, the pixel (2,3) is determined to be a defective pixel and
detected as a flawed pixel.

The pixels included in the image sensor 103 become the
subject for detection in sequence and the above-described
detection process is repeatedly performed on all those pixels.
However, the detection process does not have to be performed
on pixels that are known in advance to have a defect.

The second defective pixel detection method is available
when it is desired to rapidly read out pixel output signals such
as in moving image capturing, or in still image capturing. This
second defective pixel detection method reads out a value
obtained by adding divided output values of the photoelectric
conversion units in each pixel, so defect in each photoelectric
conversion unit cannot be detected. Therefore the second
defective pixel detection method is not suitable for focus
detection or stereoscopic images generation where individual
divided output values are used.

FIG. 17 is a flowchart depicting an example of the defective
pixel correction procedure according to the second embodi-
ment.

Referring to FIG. 17, first, a mode such as still image
capturing, moving image capturing, stereoscopic image cap-
turing, or focus detection image capturing is set by the image
capturing mode setting circuit 127 (step S1001), and shooting
conditions such as sensitivity, a diaphragm value, and expo-
sure time are initialized according to the set mode (step
S1002). Subsequently the shutter 102 is controlled to expose
the image sensor 103 (step S1003).

Next, information on fixed defective pixels extracted in
advance in the manufacturing process of the image capturing
apparatus is read in from the nonvolatile memory 123 (step
S1004). After that, the defective pixel detection for a captured
image is performed by the digital signal processing circuit
113. First, the image capturing mode set in step S1001 is
checked. Then it is determined whether the checked mode is
amode where the divided output signals are individually read
out according to the first drive timing described with refer-
enceto FIG. 12, or a mode where pixel output signals are read
out according to the second drive timing described with ref-
erence to FIG. 13 (step S1005).

It the set mode is one where pixel signals are read out such
as normal image capturing of still image or moving image, the
defective pixel detection using the second defective pixel
detection method described with reference to FIG. 15 is per-
formed (step S1006).

Meanwhile, if the set mode is one where photoelectric
conversion units are individually read out such as stereo-
scopic image capturing or focus detection image capturing,
the defective pixel detection using the first defective pixel
detection method described with reference to FIG. 14 is per-
formed (step S1007). Subsequently, the defective pixel detec-
tion using the third defective pixel detection method
described with reference to FIG. 16 is performed. First, a
defocus amount in each of predetermined areas in a screen is
calculated from a read image signal (step S1008), and based
on the calculation result a third flaw detection threshold vy is
set for each pixel (step S1009). Then the defective pixel
detection using the third defective pixel detection method is
performed with the threshold y (step S1010).

In the second embodiment, a pixel determined to be a
defective pixel with at least either the first defective pixel
detection method or the third defective pixel detection
method is a subject for correction in the next step. However,
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depending on the shooting conditions or the mode, only the
pixel determined to be a defective pixel with both the first and
third defective pixel detection methods may be the subject for
correction.

After the defective pixel detection process according to the
first and third defective pixel detection methods or the second
defective pixel detection method of steps S1006 to S1010,
each defective pixel is subjected to corrections by the digital
signal processing circuit 113 (step S1011).

Lastly, an image signal is output to the image memory 117,
the recording circuit 119, or the display circuit 121 (step
S1012), and the image capturing is finished.

As described above, according to the second embodiment,
the accuracy of defective pixel detection can be improved in
an image capturing apparatus using an image sensor having a
plurality of photoelectric conversion units.

The image capturing apparatus according to the second
embodiment has been described with reference to FIGS. 9 to
17, but the present invention is not limited thereto and various
other modes are available.

For example, in the pixel configuration according to the
second embodiment described with reference to FIGS. 10 and
14 to 16, each pixel is formed with four photoelectric conver-
sion units in a 2x2 arrangement for the purpose of describing
the defective pixel detection method in an understandable
manner. However, the present invention is not limited thereto,
and the photoelectric conversion unit may be divided into two
and simply arranged vertically or horizontally, or into nine
arranged 3 by 3.

In the flowchart of the second embodiment described with
reference to FIG. 17, defective pixels are detected with the
combination of the detection results of fixed defective pixels
and the three types of real-time defective pixel detection
method. However, the present invention is not limited thereto,
and defective pixels may be detected at least with the first
defective pixel detection method.

While the present invention has been described with refer-
ence to exemplary embodiments, it is to be understood that
the invention is not limited to the disclosed exemplary
embodiments. The scope of the following claims is to be
accorded the broadest interpretation so as to encompass all
such modifications and equivalent structures and functions.

This application claims the benefit of Japanese Patent
Application No. 2011-066553, filed on Mar. 24,2011 and No.
2012-012436, filed on Jan. 24, 2012, which are hereby incor-
porated by reference herein in their entirety.

The invention claimed is:

1. An image capturing apparatus comprising:

an image sensor including a plurality of pixels each having
a microlens and a plurality of photoelectric conversion
units that share the microlens;

a first defective pixel detection unit configured to detect a
defective photoelectric conversion unit from among the
plurality of photoelectric conversion units; and

a second defective pixel detection unit configured to detect
a defective pixel from among the plurality of pixels,

wherein the first defective pixel detection method in which
each of the plurality of photoelectric conversion units is
sequentially taken as a subject for detection, and
whether or not the photoelectric conversion unit of the
subject for detection has a defect is determined,

wherein in the first defective pixel detection method, the
first defective pixel detection unit compares an output
signal that is output from the photoelectric conversion
unit of the subject for detection with first signals, and

wherein the first signals are output from photoelectric con-
version units included in pixels peripheral to the pixel
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including the photoelectric conversion unit of the sub-
ject for detection, each position of each ofthe photoelec-
tric conversion units included in the peripheral pixels
corresponding to a position of the photoelectric conver-
sion unit of the subject for detection with respect to the
microlens,

wherein the second defective pixel detection unit deter-
mines defective pixels using a second defective pixel
detection method in which each of the plurality of pixels
is sequentially taken as a subject for detection and
whether or not the pixel of the subject for detection has
a defect is determined, and

wherein in the second defective pixel detection method, the
second defective pixel detection unit compares a sum of
output signals from the plurality of photoelectric con-
version units included in the pixel of the subject for
detection with a sum of output signals from the plurality
of photoelectric conversion units included in pixels
peripheral to the pixel of the subject for detection.

2. The image capturing apparatus according to claim 1,
wherein the image sensor further comprises a plurality of
color filters with different hues, respectively provided to the
pixels.

3. The image capturing apparatus according to claim 2,
wherein the first defective pixel detection unit uses, for the
comparison in the first defective pixel detection method, the
first signals from the photoelectric conversion units included
in the peripheral pixels having the color filter of the same
color as the pixel that includes the photoelectric conversion
unit of the subject for detection.

4. The image capturing apparatus according to claim 1,
wherein the image sensor comprises a plurality of color filters
of different hues, respectively provided to the pixels, and

the second defective pixel detection unit uses, for the com-
parison in the second defective pixel detection method,
output signals from the plurality of photoelectric con-
version units included in the peripheral pixels having the
color filter of the same color as the pixel of the subject for
detection.

5. The image capturing apparatus according to claim 1,
wherein each of the plurality of pixels has first photoelectric
conversion unit and second photoelectric conversion unit,

the image capturing apparatus further comprising:

a control unit configured to control such that a signal from
the first photoelectric conversion unit in each pixel is
read out, and also an output signal for each pixel is read
out by adding signals from the first photoelectric con-
version unit and the second photoelectric conversion
unit; and

a generating unit configured to generate, for each of the
plurality of pixels, an output signal from the second
photoelectric conversion unit by subtracting the output
signal read out from the first photoelectric conversion
unit from the output signal read out from each pixel,

wherein the first defective pixel detection unit determines
whether or not the first photoelectric conversion unit of
the subject for detection has a defect by using the output
signal from the first photoelectric conversion unit read
out under the control of the control unit and determines
whether or not the second photoelectric conversion unit
of the subject for detection has a defect by using the
generated signal by the generating unit.

6. The image capturing apparatus according to claim 1,
wherein the first defective pixel detection unit determines
with the first defective pixel detection method that the pho-
toelectric conversion unit of the subject for detection has a
defect if a difference between the output signal from the
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photoelectric conversion unit of the subject for detection and
an average value of the first signals is larger than a predeter-
mined first threshold.

7. The image capturing apparatus according to claim 1,
wherein the second defective pixel detection unit determines
with the second defective pixel detection method that the
pixel of the subject for detection has a defect if a difference
between a sum of output signals from the plurality of photo-
electric conversion units included in the pixel of the subject
for detection and an average value of sums of output signals
from the pixels peripheral to the pixel of the subject for
detection is larger than a predetermined second threshold.

8. The image capturing apparatus according to claim 1,
further comprising a third defective pixel detection unit con-
figured to detect a defect photoelectric conversion unit from
among the plurality of photoelectric conversion units,
wherein the third defective pixel detection unit determines
defective pixels using a third defective pixel detection method
in which whether or not the photoelectric conversion unit has
a defect is determined, and

wherein in the third defective pixel detection method, the

third defective pixel detection unit compares the output
signal from the photoelectric conversion unit of the sub-
ject for detection with output signals from other photo-
electric conversion unit in the pixel that includes the
photoelectric conversion unit of the subject for detec-
tion.

9. The image capturing apparatus according to claim 8,
wherein the third defective pixel detection unit determines
with the third defective pixel detection method that the pho-
toelectric conversion unit of the subject for detection has a
defect if a difference between the output signal from the
photoelectric conversion unit of the subject for detection and
an average value of the output signal from other photoelectric
conversion unit in the pixel that includes the photoelectric
conversion unit of the subject for detection is larger than a
predetermined third threshold.

10. The image capturing apparatus according to claim 9
further comprising a defocus amount detecting unit config-
ured to detect a defocus amount,

wherein the third defective pixel detection unit changes the

third threshold according to the defocus amount in an
area including the pixel that includes the photoelectric
conversion unit of the subject for detection.

11. The image capturing apparatus according to claim 10,
wherein the third defective pixel detection unit sets the third
threshold to a smaller value as the defocus amount is smaller.

12. The image capturing apparatus according to claim 10,
wherein the third defective pixel detection unit sets the third
threshold to a predetermined value larger than the first thresh-
old if the defocus amount is larger than a specific value, and
sets the third threshold to another predetermined value
smaller than the first threshold if the defocus amount is not
larger than the specific value.

13. The image capturing apparatus according to claim 8
further comprising a driving unit configured to drive the
image sensor using either a first reading method in which
output signals output from the plurality of photoelectric con-
version units are individually read out, or a second reading
method in which the output signals output from the plurality
of photoelectric conversion units are added in each pixel and
the thus added output is read out,

wherein if the output signals are read out with the first

reading method, the first defective pixel detection unit is
used and if the output signals are read out with the
second reading method, the second defective pixel
detection unit is used.
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14. The image capturing apparatus according to claim 13
further comprising a selection unit configured to select any of
image capturing modes including moving image capturing,
still image capturing, focus detection image capturing, and
stereoscopic image capturing,

wherein the driving unit drives the image sensor using the

second reading method if the moving image capturing or
the still image capturing is selected, and drives the image
sensor with the first reading method if the focus detec-
tion image capturing or the stereoscopic image captur-
ing is selected.

15. A method for detecting a defective pixel in an image
capturing apparatus including: an image sensor including a
plurality of pixels each having a microlens and a plurality of
photoelectric conversion units that share the microlens, and a
defective pixel detection unit configured to detect a defective
photoelectric conversion unit from among the plurality of
photoelectric conversion units,

the method comprising:

a first determination step of sequentially taking each of the

plurality of photoelectric conversion units as a subject
for detection, and determining whether or not the pho-
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toelectric conversion unit of the subject for detection has
a defect by comparing an output signal output from the
photoelectric conversion unit of the subject for detection
with signals output from photoelectric conversion units
included in peripheral pixels of the pixel having the
photoelectric conversion unit of the subject for detec-
tion, each position of each of the photoelectric conver-
sion units included in the peripheral pixels correspond-
ing to a position of the photoelectric conversion unit of
the subject for detection with respect to the microlens;
and

a second defective pixel detection step of sequentially tak-

ing each of the plurality of pixels as a subject for detec-
tion, and determining whether or not the pixel of the
subject for detection has a defect by comparing a sum of
output signals from the plurality of photoelectric con-
version units included in the pixel of the subject for
detection with a sum of output signals from the plurality
of photoelectric conversion units included in pixels
peripheral to the pixel of the subject for detection.
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